The structural architecture of air-laid webs produced from short fibres is largely dependent on the manner in which fibres are assembled together during the web formation process. An improved understanding of the behaviour of fibres during air-laying is essential to provide a basis for more effective engineering of the structure and properties of resulting fabrics. This two part paper presents the results of a preliminary experimental study of the airflow and the fibre dynamics in a sifting air-laying process using LDV and high-speed photographic techniques. In Part 1 of the paper the airflow characteristics are investigated using Laser Doppler Velocimetry. In a commercially representative sifting air-laying machine it was established that the air velocity varies along the length and the height of the transport chamber. The variation is markedly increased by the rotation of the blades in the dispersing zone. Generally, the air velocity was found to increase from the top to the bottom of the transport chamber. With the rotating blades in operation the trend in the airflow velocity was characterised by a 'V' shaped profile along the length of the chamber and was independent of the height of the chamber. 
Introduction
To obtain high quality web structures with fibres evenly distributed in the web, a solid knowledge of the basic principals of the fibre behaviour in the air-lay process is required. Various air-laying machine designs have been introduced which can be broadly classified as roller-based and sifting-based.
In this study, a sifting air-laying process of the Kroyer type [U.S. Patent 4,144,619] suitable for processing short fibres (2-12 mm) in the manufacture of air-laid material was used. In addition to the use of conventional pulp and fibre blend products this work has been concerned with the processing of short fibre waste using this approach. In the air-laying process fibres are transported through an air stream and the airflow characteristics are therefore very important in determining the final web structure.To elucidate the airflow behaviour, Laser Doppler Velocimetry (LDV) was employed. Using this technique it was possible to obtain information on the airflow characteristics, which then can be used for understanding the fibre dynamics in the system during web formation.
Figure 1 A SCHEMATIC VIEW OF THE AIR-LAYING MACHINE

General Description of the Experimental Machine
A schematic view of the experimental machine used in this study is shown in Figure 1 . The machine employs a sifting mechanism in which short fibres are dispersed by rotor blades and are drawn by suction through a mesh screen (top grid) and finally deposited on the surface of a moving conveyor belt. The dispersion of fibres in the airflow provides the opportunity for randomisation of the fibre arrangement in the landing area on the belt and allows orientation of some fibres perpendicular to the belt surface. The fibres are introduced in the upper chamber (fibre dispersing zone) of the machine and are circulated using two pairs of rotor blades. Each pair of blades has a rapid rotational motion (of c. 1240 rpm) around their axes and a slowerrotational motion (300 rpm) around a fixed axis situated vertically at either side of the machine's centre. Owing to the location of the suction system beneath the machine (Figure 3 ), the fibres in the upper chamber penetrate the top grid and pass into the lower chamber (fibre transporting zone), where they are transported downwards by the airflow. At the base of the lower chamber there is a moving mesh conveyor belt onto which the fibres are deposited to form the web structure. The machine settings used for this experimental work were typical of those normally used and are summarised in Table 1 .
Experimental Studies
In this section, as a prelude to direct studies of the fibre dynamics, Laser Doppler Velocimetry was used to elucidate the airflow characteristics in the air-laying machine.
Air Velocity Measurement Procedure
Laser Doppler Velocimetry (LDV) has been used extensively to measure velocity fields [Drust 1976] and with new developments, its application in textiles has extended to the measurement of fibre velocity in carding [Lauber and Wulfhorst 1995] and fluid transport in fibrous assemblies [Howaldy and Yoganathan 1983] . The primary feature that allows this is the absence of a physical probe in the flow field, thereby allowing non-intrusive measurements. Operation of the LDV is based on the Doppler principle. When a laser beam is passed through a fluid such as air, light is scattered by the particles suspended in the fluid. The scattered light contains a Doppler frequency shift that is directly proportional to the particle velocity. The LDV uses two incident beams that intersect to form the measuring volume.
The velocity of the air in the transport chamber of the air-laying machine was measured by means of a TSI Inc., 350 mW Argon-ion laser. The measuring volume was ellipsoidal with a length of 1.55 mm and a diameter of 81.41 microns, using a lens with a 350 mm focal length. It is reasonable to expect that the geometry of the suction system situated under the conveyor belt to influence the flow regime in the transport chamber. This parameter was fixed by the manufacturer and therefore was not accessible for study (Figure 3 ).
Air Velocity Profile in the Transport Chamber
The airflow characteristics inside the transport chamber affect fibre dynamics and the geometry of the web, thus it was important to establish the airflow velocity in the machine. Firstly, the air velocity in the machine due only to the suction was obtained. The suction level was set to the maximum level available producing about 0.35 m 3 /s air flux. The resulting air velocity was measured along the width (in the X direction), the length (in the Y direction) and the height (in the Z direction) of the chamber. The results of these measurements are shown in Figures 4, 5, 6 and 7. As illustrated, it is clear that the air velocity is not uniform along the length of the chamber (in the Y direction) and that just below the top grid (10 mm below)
Figure 8 THE AIRFLOW VELOCITY MEASURED BY LDV IN X=220 MM PLANE WITH ROTATING BLADES IN OPERATION
it changes markedly with position ( Figure 4) . The air velocity becomes more uniform and independent of position near the fibre landing area (increasing distance from the top grid) (Figure 7) , where the velocity profile along the chamber is reasonably constant (at around 0.44-0.48 m/s). In practice, a web can only be formed if the rotating blades are in operation and therefore the combined effect of both the blades and the suction on the airflow were obtained. The air velocity results obtained using the same suction in the plane X=220 mm with the blades in operation are shown in Figure 8 . The rotation of the blades has a marked influence on the air velocity profile, making it less uniform along the length of transport chamber. Two distinguishable regions are apparent in the air velocity profile in Figure 8 . In the first region from position Y=140 mm to Y=230 mm along the length of the chamber, (excluding the area near the top grid where the high rotational speed of the blades causes serious disturbance of the flow) the resultant velocity increases in the Z direction from the top to the bottom of the chamber and decreases along the length of the chamber (in the Y direction). The second region from Y= 240-350 mm where the air velocity increases up the height (in the Z direction) and along the length (in the Y direction) of the chamber.
Effect of Rotating Blades on Components of Air Velocity
It is interesting to compare the horizontal and vertical components of air velocity with and without the blades in operation. The point nearest to the conveyor belt (landing area, at position Z=70 mm) was used for this comparison. Figure 9 it is clear that the blades increase the horizontal velocity along the length of the chamber (i.e. as Y increases) and negative velocity values are obtained between the positions Y=140 mm to about Y=200 mm indicating that the airflow is subject to a velocity in the opposite direction to that of conveyor belt. In Figure 9 , from Y=200 mm onwards, the horizontal velocity increases to about 1.75 m/s. It should be noted that when the blades are not in operation, the horizontal velocity is virtually constant and nearly zero along the length of the transport chamber. Additionally, the vertical air velocity (Figure 10 ) is generally higher along the length of the chamber when the blades are not used and the variation in air velocity is much smaller.
In summary it was discovered that at the particular suction setting used, the airflow velocity changes from about 1.85 m/s at the entry of the chamber (Y=350 mm) to about 1.0 m/s at the exit point (Y=140 mm). Following these findings it was aimed to establish how the fibre dynamics in the machine were influenced by these airflow characteristics. This study was undertaken using high-speed photography and is reported in Part 2 of this paper.
Conclusions
The airflow behaviour in the transport chamber of a sifting air-laying system was investigated using LDV. The results showed that the rotating blades (used for dispersing fibres) decreases the uniformity of the airflow velocity in all three dimensions (X, Y, Z). Two distinguishable regions along the length of the chamber (in the Y direction) were identified irrespective of the height position (i.e. Z) in the transport chamber. Comparing the horizontal and vertical components of airflow velocity showed that the effect of rotating blades is to increase the horizontal velocity (from 0 to 1.75 m/s) and to fluctuate the vertical velocity markedly along the length of the chamber. Negative values for horizontal velocity were also obtained, indicating that fibres are subject to a velocity in the opposite direction to that of conveyor belt. With the rotating blades in operation the trend in the airflow velocity was characterised by a 'V' shaped profile along the length of the chamber and was independent of the height of the chamber. The resultant velocity generally increased from the top to the bottom of the transport chamber which would be expected to accelerate the fibre velocity from top to the bottom of the chamber.
